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Abstract 
A model of a basic Hawkswell eikonometer was constructed by the 
authors and used in this study. Two groups of 30 subjects were tested 
for aniseikonia. One group consisted of subjects with less than one 
diopter of anisometropia and the other group consisted of subjects 
with anisometropias of one diopter or more. Each subject was measured 
on the AO Space Eikonometer and the self-made portable eikonometer. 
Analysis of the data showed that one-half of the measurements from 
the portable eikonometer varied significantly from the AO Space Eiko-
nometer. However, 83 percent of the portable eikonometer's measurements 
were within 0.75 percent magnification or less of the AO Space 
Eikonometer's measurements. It was concluded that the Hawkswell eiko-
nometer is a useful tool in screening and measuring for aniseikonia. 
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Introduction 
Today, more than ever before, an increasing emphasis is placed 
upon the role of the visual system in human performance and behavior. 
Accordingly, any treatment prescribed for the visual system becomes 
increasingly important. Usually much care and effort are spent on 
compensating for ametropias and muscular imbalances . Unfortunately 
though, there is often no consideration of the relative size differ-
ences between the ocular images of the two eyes. When differences 
do occur, a condition of binocular vision classically known as 
aniseikonia exists. Perhaps it is best described by Bannon as a 
condition" ... where a relative difference exists in the size and/ 
or shape of the ocular images ... 11 and the ocular image 11 ••• refers 
to the cortical image pertaining to one eye and depends therefore not 
only on the retinal image formed by the dioptric system of the eye 
but also on the distribution of the retinal receptive elements and 
the physiological and cortical processes involved in vision ... "1 
The reported incidence of aniseikonia varies considerably and 
has been stated as high as 20 to 30 percent of the population 
corrected with spectacles . 2 The Dartmouth Eye Institute reports 
the incidence of clinically significant aniseikonia as 3 percent 
using a criterion of a minimum of 0.75 percent size difference in 
magnification with associated symptoms. 3 Other studies show a range 
of incidence ranging from 3 percent to 85 percent. 4 
The symptoms reported by patients with aniseikonia are not 
unlike those associated with general binocular dysfunctions and for 
1 
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uncorrected ametropia. In a study by Bannon the following prevalence 
of symptoms were reported by patients having aniseikonia: asthenopia 
(67%), headaches (67%), photophobia {27%), reading difficulties (23%), 
nausea (15%), motility difficulty (11 %), nervousness (11 %), vertige 
(7%), general fatigue (7 %), space perception problems (6%). 5 
By the very nature of this condition, the understanding, let alone 
the detection and treatment of aniseikonia seems to be an extremely 
difficult undertaking. However, a great deal of extensive research 
has gone into the development of this particular field of vision. 
Most notable are the studies that came from the Dartmouth Eye Institute 
in the 1940's. 
Instrumentation 
A review of the literature shows the development of several ways 
to measure aniseikonia. Allen describes a method utilizing a stereo-
scope with rotary prisms , size lenses , and a specially designed 
target. This technique relies on central fusion and was accurate 
to within .25 percent for errors greater than 1 percent. 6 
Brecher devised a screening test for aniseikonia using a Maddox 
rod to induce diplopia. Two muscle lights are then viewed and the 
distance between the two points of light is compared to the distance 
between the two streaks. Accuracy of the method was not reported. 7 
Charnwood designed a rough screening device to measure 2 percent 
axis 90~ 4 percent axis 9~, l5°and 45°declination error but these are 
no longer produced. 8 
Cohen, Forman, and Malin produced 21 stereo slides by photo-
graphing the original space eikonometer target with a stereo camera. 
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These slides were then viewed in a Stereo Realist Viewer. On a small 
subject population measurements were within .50 percent of Space 
Eikonometer measurements for a magnification range of 0 to 4 percent 
at axis 90°and 180~ Declination error measurements showed wide vari-
ability.9 
The most elaborate instrumentation evolved out of the Dartmouth 
Eye Institute, which received funding and worked in cooperation with 
the American Optical Company. The first clinical instrument they 
produced was the Opthalmo-Ei konometer which utilized special back 
illumination techniques for haploscopic target presentation. In 1935 
polaroids were used in the simplified standard eikonometer. The 
Original Space Eikonometer developed next. This instrument used 
size lenses and a target consisting of plumb lines, a cross, and an 
aperture board hung from the ceiling. Malin gives detailed informa-
tion on construction of this apparatus in the routine refraction 
room. Although setting up the instrument is inconvenient, it does 
provide accurate measurements. 10 The culmination of A.O.'s efforts 
was the office model space eikonometer, hereafter referred to as the 
A.O. Space Eikonometer. Size lenses were incorporated to measure 
horizontal and vertical magnification and declination errors. The 
instrument was compact , accurate, and is generally regarded as the 
standard measuring instrument in the field of aniseikonia. 1 Unfor-
tunately A.O. ceased production in 1966. 
Keystone View Company has a set of graded stereograms called 
eikonograms available for measuring aniseikonia but the instrument 
they wer~ designed to be used with, the Orthostereoscope, is no 
longer made. Salmon and Kister used the eikonograms with the 
Telebinocular and found measurements to be agreeable within + 1.00 
percent of the A.O. Space Eikonometer. 11 
Ludlam and Fisher have described a technique using transferred 
after-images to measure aniseikonia in strabismics. Measurements 
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were found to be accurate within 2 percent horizontally and 1 percent 
vertically. This method is most valuable since aniseikonia may lead 
to a motor aversion to fusion known as horror fusionis which prevents 
binocularity, thus rendering standard eikonometric techniques useless. 12 
Most recently Hawkswell has described the building of a portable 
space eikonometer. 13 He reports on the screening of 1,000 patients 
for aniseikonia and found 9 percent of the population with signifi-
cant aniseikonia and 3.6 percent of those 9 percent had aniseikonia 
related symptoms. He does not, however, compare his measurements 
with those of any other eikonometer. 14 
Since the A.O. Space Eikonometer is no longer produced and other 
techniques such as the Keystone Eikonograms and the original space 
eikonometer have their limitations, today's practitioner is quite 
restricted in instrumentation for aniseikonic measurement. It is 
the purpose of this thesis to build the eikonometer described by 
Hawkswell and to clinically compare it statistically with the A.O. 
Space Eikonometer with the hope that the Hawkswell instrument can 
be used for routine clinical measurement of aniseikonia. 
Methods 
Subjects 
Two groups of 30 subjects were measured. One group had anisome-
tropias of one diopter or more in at least one meridian (Anisometropic 
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Group). The other group had anisometropias of less than one diopter 
in all meridians (Normal Group). The anisometropic group ranged in 
age from 21 to 41 years with a mean age of 27.2 years. Twenty of 
the 30 subjects were males. The normal group ranged in age from 21 
to 38 years with a mean age of 24.7 years. Twenty-four of the 30 
subjects were males in this group. Twenty-seven of the 30 subjects 
in each group were optometry students. Subjects with strabismus, 
amblyopia, active ocular pathology, or known to be taking any medi-
cation affecting the eyes were excluded. 
Instrument 
The eikonometer built by the present researchers resembles the 
instrument described by Hawkswell 13 with some dimensional changes. 
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The base is a plastic adjustable stand from a Bernell aperture rule. 
The frame consists of two wooden strips upon which the following are 
mounted: 
1. Two 1/411 dowels which serve as cheek rests (proximal end). 
2. Two vertical 11 V11 -shaped wires (proximal end) serving two 
purposes: 
a. used to measure vertex distances to each eye. 
b. insure proper vertical alignment of subject's head. 
3. A 30 by 14 em diaphragm which masks the patient's view from 
the ends of the vertical rods and from top and bottom of 
the frame holding the cross. 
4. A 8 x 1.2 em aperature in the diaphragm (No. 3) can be 
occluded while the targets are being moved. 
5. A small lever in the corner of the diaphragm (No. 3) closes 
the aperture (No. 4). 
6. Two 16 by 10 em diaphragms, one on each side of the instru-
ment, and located midway between the larger diaphragm (No. 
3) and the targets serve to mask the patient's view from 
the sides of the frame supporting the cross (No. 9). 
7. Two movable vertical rods (.055 inch diameter wire) 
supported by small wooden carriages which travel in opposite 
directions. Located behind the large diaphragm (No. 3) is 
a knob with which the examiner controls the movement of the 
carriages via a pulley system. 
8. A millimeter scale is used to measure the movement of the 
left rod to the nearest 0.5 mm. Therefore, the total dis-
placement of both rods is twice the measured amount. (Plus 
on the scale is indicated when the left rod is closer.) 
9. A cross made of .025 inch diameter wire is supported by a 
13 by 39 em frame which is mounted in such a manner as to 
allow rotations about a vertical and horizontal axis. 
10. An adjustable locking protractor is used to measure the 
angular rotation of the cross about a vertical axis to the 
nearest 0.5°. (Plus degrees are indicated when the left 
side of the cross is closer to the subject.) 
11. A protractor measuring to the nearest degree is used to 
determine the angular rotation of the cross about a hori-
zontal axis. (Plus degrees are indicated when the top of 
the cross is closer to the subject.) 
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12. Back illumination is supplied by a 15 watt cool while fluores-
cent lamp which is reflected off of a 25 by 50 em piece of 
patterned plastic and finally diffused through a matt, 2 mm 
thick, 38 by 31 em piece of plexiglass. 
Both rods and cross are painted matt black. When the subject 
views the cross, the rods are seen diplopic (physiological diplopia) 
and vice-versa. This physiological diplopia seems to present no 
problems while taking the measurements. 
The instrument measures approximately 63 em long, 42 em at its 
widest point and 57 em high. The instrument also folds flat and the 
cross frame and diaphragms are easily removed. 
Constants needed to calculate horizontal and vertical magnifica-
tions and declination errors are are follows: 
1. 376 mm, distance from vertex wires to zero point of vertical 
rods. 
2. 501 mm, distance from vertex wires to the center of the 
cross. 
3. 56 mm, lateral separation of the rods. 
Methods and Materials 
Before any eikonometric measurements were taken the following 
information was obtained : monocular and binocular visual acuity at 
20 feet and 16 inches, stereoacuity as tested by the Randot Stereo 
Test at 16 inches using the circle targets which range from 400 to 
20 arc seconds, and near and far interpupillary distance measured 
with a penlight and millimeter rule. The subject's age and refrac-
tive correction worn during the testing were also recorded. 
The measurements on the A.O. Space Eikonometer were taken as 
foll OltJS: The instrument PD was set to match the subject's distance 
PD and the subject was instructed to view the target. Vertex distance 
was measured and recorded for the right and 1 eft eyes to insure no 
head rotation was present. Each eye's view of the target was then 
occluded to insure no instrument vignetting was occurring. The 
horizontal magnification, vertical magnification, and declination 
error were then measured in the standard manner. 1 
A similar procedure was used on the portable eikonometer. The 
subject was instructed to center the cross target in the aperture. 
8 
The vertex distance for each eye was measured and recorded to insure 
that no head rotation was present. The subject was asked to keep 
his head in that position for the entire testing procedure. A 
method of limits was then used until the subject perceived the 
vertical rods as equidistant. The same procedure was used to deter-
mine where the subject perceived the left and right sides of the cross 
equidistant and finally where the subject perceived the top and bottom 
of the cross as equidistant. In all instances the subject's view 
was obstructed while the targets were moved by occluding the aperture. 
From these measurements the horizontal and vertical magnification, 
and declination error can be ascertained. (See Appendix A for a 
description of spatial distortion observed in different aniseikonic 
conditions.) 
Each subject was measured twice in each instrument using an ABBA 
method. In each group of subjects half were measured first on the A.O. 
Space Eikonometer while half were measured first with the portable 
instrument. The two readings from the A.O. Eikonometer were averaged 
and the findings from the portable eikonometer were calculated and 
averaged. (See Appendix B for sample calculations using formulas 
necessary with the portable eikonometer.) 
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Results 
Final calculated values for horizontal magnification, vertical 
magnification , and declination error and their uncertainty ranges are 
found in Appendix C, Tables I and II. These uncertainty ranges vary 
widely between subjects from ! 0.25 percent to ! 2.00 percent. 
The data was more carefully analyzed using student's t-test for 
dependent paired data at alpha = .05. The t-test was used to test two 
methods. Method I was designed to show if a statistically significant 
difference exists between the measurements obtained with the two 
instruments. Method II was designed to determine how accurate the 
portable eikonometer measurements were compared to the A.O. Space 
Eikonometer measurements. The results are as follows: 
Group Measurement Method I Method II 
Horizontal Significant Accurate 
difference found within .75% 
Normal Vertical Significant Accurate 
difference found within . 75% 
Declina t ion No significant Accurate 
difference found within .2 
Horizontal No significant Accurate 
difference found within .25% 
Ani so- Vertical Significant Accurate 
metro pic difference found within 1 . 25% 
Declination No significant Accurate 
difference found within .2 
See Appendix C, Table III for acutal hypotheses and t -values. 
Discussion 
The statistical analysis indicates that the portable eikonometer 
compared with the A.O. Space Eikonometer as follows , in order of best 
1 0 
to worst agreement: 
1. Declination- Normal Group 
2. Horizontal - Anisometropic Group 
3. Declination- Anisometropic Group 
4. Horizontal - Normal Group 
5. Vertical - Normal Group 
6. Vertical - Anisometropic Group 
The most serious shortcoming of the portable eikonometer was in 
measuring vertical magnification by rotating the cross target about a 
verti ca 1 axis. Two factors could contribute to this problem. First, 
only a small central part of the cross was visible to the patient 
through the aperture. If the frame holding the cross would have been 
made larger in the vertical dimension the aperture could have been made 
larger, the patient would have seen more of the cross, and perhaps 
measurements would have been more accurate . Second, head rotation 
around a vertical axis was very hard to control in the instrument. 
Since the portable eikonometer targets are at a near distance (verti-
cal rods at approximately 15 inches and the cross at approximately 20 
inches) a head rotation inducing a tilt of two millimeters causes 
roughly 0.40 percent differences in angular magnification. In the 
A.O. instrument, where the target is optically located at 10 feet, 
the same two millimeter difference in vertex distance between the 
two eyes induces less than 0.10 percent magnification difference. 
While the declination is not affected by a head rotation, the 
horizontal measurement could be affected as well as the vertical. 
Since the data was obtained by measuring first the horizontal, then 
the vertical, and finally declination, if the subject were to gradually 
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rotate his head out of alignment during the testing it would most 
probably have a more pronounced effect in the vertical than the hori-
zontal measurement. 
It has been the present researcher's observation that most 
subjects found it easier to make spatial judgements in the portable 
eikonometer rather than the A.O. Space Eikonometer. In errors over 
1.0 percent the portable eikonometer measures the direction of anisei-
konia , correctionx 90 orx 180 before the right or left eye, quite 
well although it tends to measure less correction than the A.D. instru-
ment. In smaller amounts of aniseikonia the portable eikonometer 
tends to measure errors less consistantly. 
Conclusion 
Bannon states that "clinicallysignificant aniseikonia is ani-
seikonia of 0.75 percent or more associated with symptoms related to 
the use of the eyes and not relieved by accurate refractive or 
motility corrections."1 Thus it would appear that the portable eiko-
nometer would be an excellent screening instrument that would detect 
most cases of "clinically significant aniseikonia". With such 
improvements as a better head rest to control head rotations, a larger 
cross target, and being constructed out of aluminum rather than wood, 
the portable eikonometer could be a viable clinical alternative for 
measuring aniseikonia. 
A P P E N 0 I X E S 
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Appendix A 
Hawkswe11 13 describes the spatial distortions perceived in the 
eikonometer as follows: 
Overall-all size difference: the vertical rods appear displaced 
while the position of the cross remains unchanged. 
Horizontal size difference: the vertical rods appear displaced 
and the cross is rotated about a vertical axis. 
Vertical size difference: · the vertical rods remain unchanged 
while the cross is rotated about a vertical axis. 
Meridional (xl35Rt, x045Lt or x045Rt, xl35Lt) size differences: 
the cross appears rotated about a horizontal axis. 
Hawkswell obtains an overall magnification directly from the 
vertical rods, a horizontal mangification directly from the cross 
rotated about a vertical axis and a declination error directly from 
the rotation of the cross about a horizontal axis. He obtains a verti-
cal magnification by taking the difference between the overall 
magnification and the horizontal magnification i.e. the findings from 
the rods minus the findings from the cross, respectively. 
The researchers agree with Hawkswell •s description of spatial 
distortions and also observe: 
- an axis goo meridional magnifier (horizontal magnification) 
moves both the rods and the cross in the same direction. 
- an axis 180° meridional magnifier (vertical magnification) 
moves only the cross and does so in the opposite direction 
that an axis goo meridional magnifier would if they were 
placed before the same eye. 
The researchers therefore conclude: 
1. The horizontal magnification component can be determined 
directly from the rods. 
2. The horizontal magnification cannot be read directly from 
the cross because both vertical and horizontal magnifications 
affect the rotation of the cross. 
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3. The vertical magnification is determined by subtracting the 
rod displacement (horizontal magnification) from the cross 
displacement (horizontal and vertical magnification). Thts 
gives a vertical magnification correction of the same magni-
tude but in the opposite eye that Hawkswell 's method gives. 
Observing the measurements of those subjects with at least 1.0 
percent magnification ~rrors on the A.O. Space Eikonometer, one would 
expect, with such a large error present, the direction of the measure-
ment (axis 180° right eye or axis 180° left eye) should be the same 
in the portable eikonometer. Inspection of the data forthoseaniso-
metropic ~roups reveal that 12 of 14 subjects agree in direction 
suggesting the researcher's method places the vertical magnification 
before the proper eye. 
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Appendix B 
Preliminary Considerations 
1. The sign notation on the portable eikonometer was designed 
to read in correcting magnification in the same manner as the A.O. 
Space Eikonometer. 
Target Sign Actua 1 Spatia 1 Location Comparable A.O. 
i·1easurement 
Rods + Right rod farther from X 90 Rt 
subject 
Left rod farther from X 90 Lt 
subject 
Cross + Right side of cross x 90 Rt and/or 
(vertical farther X 180 L t 
axis Left side of cross x 90 Lt and/or rotation) farther X 180 Rt 
Cross + Top of cross closer Black 
( hori zonta 1 to subject 
axis Bottom of cross closer Red rotation) to subject 
2. All three calculations used to determine magnification differ-
ences or declination errors require an interpupillary distance (P.O.). 
Theoretically these differences or errors are measured from the nodal 
points of the eye, therefore, the researchers have decided to use the 
nodal-interpupillary distance (N.P.O.), i.e. the distance between the 
right and left eyes nodal point. For a range of distance P.O.'s from 
55 mm to 70 mm the N.P.O. was found to be approximately 1 mm less than 
the distance P.O. when viewing through the portable eikonometer. 
3. Formulas used: 
Horizontal Magnification: M% = 100 e P d s 
e = total displacement of vertical rods (2x measured left 
rod displacement) 
P = N.P.D. 
s = lateral separation of vertical rods, 56 mm 
d =distance from subject 1 S eye to zero point of rod, 376 
mm + vertex distance 
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Horizontal and Vertical Magnification : M% = 100 (N.P.D.) tan w b + 1 I 2 N • P • 0 • ( ta n w ) 
b = distance from subject 1 s eye to cross, 501 mm +vertex 
distance 
w = angular rotation of cross about a vertical axis 
Declination Error : d =arc tan (tan I x N.P.D.) b 
d =declination error 
I = angular rotation of cross about a horizontal axis 
b = distance from the subject 1 s eye to the cross, 501 mm 
+vertex distance 
Vertical Magnification : 
(horizontal + vertical magnification) - (horizontal magnification) 
NOTE : When subtracting to get vertical magnification : 
1. 
2. 
3. 
4. 
subtracting x 90 Rt is the same as adding x 90 Lt 
subtracting x 90 Lt is the same as adding X 90 Rt 
to convert x 90 and x 180 
X 90 Lt = X 180 Rt 
X 90 Rt = X 180 lt 
+ 
- ranges are averaged to determine vertical 
magnification + ranges 
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Sample Calculations 
Left rod: +2.0 mm ~ .5 mm Distance P.O. = 60 mm 
Cross 
(+l .5 mm to +2.5 mm) 
0 ~ 2.0° 
(declin) : (-6° to 0) 
Horizontal Magnification = l~Ose p 
e (lower limit) = 2 x 1.5 mm = 3.0 mm 
e• (upper limit) = 2 x 2.5 mm = 5.0 mm 
d = 376 mm + 20 mm = 396 mm 
Hor - M% (upper) = 1 ~~6 (n6 ~ 9 = 1.33% x 
( ) _ 1 00 ( 3) 59 _ 0 Hor - M% lower - 396 (56 ) - 0.80% x 
N.P.O. = 59 mm 
Vertex distance = 20 mm 
90 Rt 
90 Rt 
Horizontal Magnification = 1.07% ~ 0.26% x 90 Rt 
Vertical Magnification = (Hor/Ver - M%) - (Hor - M%) 
H /V M% = 100 (N.P.D.) tan w 
or er o b + l/2 N.P.D. (tan w) 
b = 501 mm + 20 mm = 521 mm 
Hor/Ver M% = 100 (59) tan 2° 
(upper or lower) 521 + (29.5) (tan 2°) 
= 0.59% 
Hor/Ver M% = 0% ± 0.59% 
Vertical - M% = (0 ± .59%) - 1.07 ~ . 26% X 90 Rt) 
+ . 
= 1 .07 - 43% X 180 Rt 
Declination Error= arc tan (tan I~ N.P.D.) 
I (upper) = -6° 
I {lower) = 0° 
d = arc (tan 6° x 59) 
tan 521 
d = .68 
d = .68 { and d = 0 for lower limit) 
Declination Error= 3.4 ~ 3.4 red or (-) 
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s 
SK 
NG 
NM 
JR 
KP 
JG 
CM 
KM 
TW 
SH 
DR 
DOR 
HC 
FN 
OM 
SH 
MG 
H 
0 ± l. 25 
+ 1.12- .37 R 
+ 
.18 - . 56 R 
0 ~ .25 
+ 
. 62 - . 50 L 
+ 
. 31 - . 93 R 
+ 1.5-.5L 
+ 1 . 75 - .87 R 
+ 1 . 00 - . 25 L 
+ 
. 37 - . 50 L 
0 :!: .25 
+ 
.37 - . 37 L 
+ 
.56 - 1.56 L 
+ 
. 25 - . 50 L 
0 ~ .87 
+ 
• 5 - • 5 R 
+ 0 - 1 .87 
AO 
v 
0 ~ 1 
+ 
.12 - . 37 R 
+ 
. 62 - . 37 L 
+ 
.50 - .37 R 
+ 
.75 - .37 L 
1:!:1.12R 
+ 
.5 - .25 L 
+ 
.5 - .5 R 
+ 1 . 25 - . 5 L 
+ 
.12 - .87 R 
+ 
.25 - .37 L 
+ 
. 62 - . 62 L 
+ 
.25 - .25 R 
+ 1 • 00 - • 62 L 
+ 
.37 - 1 .00 R 
+ 
.50 - .50 L 
0 ~- 1.75 
Appendix C 
Table I_- Normal 
D 
.5 ± .35 RED 
+ 
• 5 - 1 • 5 RED 
0 :!: . 1 
+ 
.45 - .15 RED 
0 ~ .2 
0 :!: .8 
+ 
.1 - .1 RED 
+ 
. 35 - .15 BL 
0:!: .1 
0 :!: .55 
+ 
.65 - .25 BL 
+ 
.15 - .3 RED 
+ 
. 3 - . 25 BL 
0 :!: .2 
+ 
.05 - .65 BL 
0 :!: .25 
+ 
.15 - . 7 
H 
.14 ± . 27 R 
+ 
• 63 - 1 .l 0 R 
+ 
. 28 - . 27 R 
0 ~ .54 
+ 
.54 - .54 R 
+ 1.05 - .46 R 
+ 
.41 - . 56 R 
+ 
.68 - .68 R 
+ 
.14 - .41 L 
0 :!: .85 
+ 
.39 - .39 R 
+ 
.13 - . 53 R 
+ 
.14 - . 96 R 
+ 
.92 - .40 R 
+ 
.14- .41 L 
+ 
.26 - .40 R 
0 ~ .52 
OURS 
v 
+ 1 . 37 - . 25 Rt 
+ 
. 57 - . 75 R 
+ 
• 26 - . 51 R 
+ 
.20 - .57 L 
+ 
• 66 - . 63 R 
+ 1 • 22 - . 54 R 
+ 
.88 - .62R 
+ 
. 93 - . 67 R 
+ 
• 3 - • 50 L 
+ 
. 18 - . 51 R 
+ 
.58 - .29 R 
+ 
. 68 - . 74 R 
+ 
.23 - .99 R 
+ 
.73 - 1.23 R 
+ 
.14-1.22 L 
+ 
.19 - . 60 L 
+ 0 - .43 
D 
+ 
.06 - . 35 RED 
+ 
.07 - .2 RED 
+ 
.09 - .44 RED 
0 ~ .58 
0 :!: .34 
0 :!: .45 
.21 :!: 99 RED 
+ 
.03 - .43 RED 
0 :!: .23 
+ 
.16- .56 BL 
+ 
. 27 - . 56 BL 
+ 
.29 - .57 RED 
+ 
.09 - .32 BL 
0:!: .74 
+ 
.05 - .88 BL 
+ 
.12 - .40 BL 
0 ~ . 50 
-' 
1.0 
Table I - Normal 
(cont.) 
AO 
s H v D 
BS + .12 - • 62 L 0 ~ .62 + .05 - .65 BL 
FI 0 ~ .50 0 ~ .75 0 ~ .3 
KI + .37 - .75 R + • 75 - 1 • 00 R + • 2 - • 1 BL 
RH + 1 • 25 - • 62 L + 1 • 75 - • 62 L + .10- .4 RED 
RS 0 :.':" .50 + • 50 - . 37 L + .05 - . 3 BL 
KM + • 50 - • 50 L + • 37 - • 50 L + • 2 - • 3 BL 
JI + • 37 - . 75 R + .87 - 1 • 00 R + .05 - .7 BL 
KY + 1.25 - 1.5 L + . 5 - 1 • 25 R + . 55 - • 7 BL 
MM 0 :.':" .37 L + .25 - .37 R + • 2 - • 2 BL 
GR + 1 . 25 - • 25 L + 1 • 25 - . 5 L + .3 - .2 BL 
LG + • 50 - . 50 L + . 37 - • 5 L 0 :.':" .3 
RL + .37 - .50 L 2 ~ .37 L + .1 5 - • 2 RED 
OM + • 37 - • 50 L + .87 - .62 L + • 3 - • 2 BL 
OURS 
H v 
+ 
.45 - . 45 L + .31 - .49 L 
+ 
.62 - .87 R + .67 - .83 R 
+ 
.26 - 1 .37 R + .16 - 1 .44 R 
+ 
.43 - .73 R + • 65 - • 91 R 
+ 
.14 - • 28 L + .49 - .35 L 
+ 
• 53 - • 7 9 L + .23 - . 99 L 
+ 
.78 - .89 L + .17-1.16 R 
+ 
.14 - • 55 L + .07 - .90 R 
0 :.':" .29 + .11 - .31 R 
+ 
.76 - .20 L + .66 - .30 L 
+ 
.13 - .40 R + .13 - • 79 R 
+ 
• 57 - • 57 L + . 06 - .55 R 
+ 
• 21 - . 26 R + . 21 - • 33 R 
D 
+ 
. 33 - .79 BL 
0 :.':" .59 
+ 
.10-1.19 BL 
+ 
.19- .82 RED 
0 :.':" .66 
+ 
.12 - .85 BL 
+ 
.34 - .71 RED 
+ 
.85 - .92 BL 
0 :.':" .77 
+ 
.41 - .17 RED 
0 :.':" .56 
+ 
.18 - .18 RED 
+ 
.23 - .23 BL 
N 
0 
SUBJECT 
AJ 
LL 
KK 
we 
PHL 
CG 
cc 
SK 
PH 
EH 
RG 
TJ 
LM 
KS 
KH 
GK 
RC 
MH 
H 
+ 
. 05 - . 25 L 
+ 
. 37 - . 37 L 
+ 
.50 - .50 L 
+ 
. 25 - . 62 R 
+ . 
. 37 - . 50 L 
+ 
.07 - 1 .68 R 
+ 4. 0 - . 50 L 
+ 
. 25 - . 62 L 
+ 
. 37 - . 50 L 
+ 
. 31 - . 57 L 
+ 1. 06 - . 62 R 
+ 
.12 - . 62 L 
1 ~ • 25 L 
+ 
.25 - .25 L 
+ 2.50 - .50 R 
+ 
. 12 - . 50 L 
+ 
.37 - .50 R 
0 ~ .25 
AO 
v 
+ 
.87 - .25 L 
+ 2.12 - . 50 L 
2 ~ .87 L 
+ 
.87 - . 75 L 
+ 
. 62 - . 75 R 
+ 
.87 - .75 L 
+ 4. 75 - . 50 L 
+ 
.50- .75 L 
+ 1 • 00 - • 62 L 
+ 
. 50 - . 50 L 
+ 
.25 - .62 L 
+ 
.87 - .37 L 
+ 1 • 75 - . 50 L 
+ 
.62 - .50 L 
+ 2.25- .37 L 
+ 
.44 - .37 R 
+ 
.12 - 1 • 25 R 
+ 
.37 - .50 R 
Table II - Anisometropic 
D 
+ 
. 15 - . 1 5 RED 
+ 
.4 - .25 RED 
+ 
.55 - .25 BL 
+ 
.3 - .25 RED 
+ 
.2 - .25 RED 
+ 
.08 - .43 RED 
+ 
• 7 - .45 BL 
+ 
.07 - .27 BL 
+ 
.05 - .25 BL 
+ 
.08 - .38 BL 
0 ~ .15 
. 7 ~ .1 RED 
+ 
.3 - .3 RED 
+ 
. 2 - . 2 BL 
+ 
.1 - .15 RED 
+ 
.35 - .2 BL 
+ 
.75 - . 3 BL 
0 :! .25 
H 
+ 
. 98 - . 28 L 
+ 
.43 - .43 L 
+ 
. 39 - .13 L 
+ 
. 14 - . 27 R 
+ 
. 56 - . 56 R 
+ 
. 29 - . 98 R 
+ 2.59 - .78 L 
+ 
.28 - .56 L 
+ 
.40 - .52 R 
+ 
.14 - .43 R 
+ 
.15 - . 60 L 
+ 
.44 - .86 R 
+ 
. 65 - . 51 R 
0 ~ .27 
+ 2.00 - .29 R 
+ 
.14 - .42 R 
+ 
.28 - .28 R 
+ 
.42 - . 28 R 
OURS 
v 
+ 
. 36 - . 23 L 
+ 
. 32 - • 61 L 
+ 
.04 - .34 L 
+ 
.89 - .22 R 
+ 1 .80 - . 64 R 
+ 
. 09 - 1 . 11 R 
+ 1 • 62 - . 92 L 
+ 
.69 - .69 L 
+ 
. 33 - . 71 R 
+ 
.41 - . 73 R 
+ 
.40 - . 76 L 
+ 
• 77 - • 91 R 
+ 1 .47 - .35 R 
+ 
• 51 - . 54 R 
+ 1 • 38 - . 23 L 
+ 
. 53 - .49 R 
+ 
.65 - .40 R 
+ 
.63 - .43 R 
D 
0 ~ .24 
+ 
.03 - .27 BL 
+ 
.07 - .35 BL 
0 ~ .46 
+ 
.06 - .36 RED 
0:! 1.13 
+ 
.08 - .7 BL 
+ 
.23 - 2.25 BL 
+ 
.03 - .42 RED 
+ 
.09 - .52 BL 
+ 
.42 - .87 RED 
+ 
.60 - .83 RED 
+ 
.39 - .28 RED 
+ 
.09 - .32 RED 
+ 
.27 - .22 RED 
+ 
.24 - .36 RED 
+ 
.18 - .42 BL 
+ 
.06 - .36 BL 
N 
_, 
AO 
SUBJECT H v 
TM + . 25 - .87 L + 2.87 - .87 L 
sc + 3.75 - 1.50 L + .25 - 2.00 R 
MH + 1.50-1.00 R + .25- 1.75 R 
RC + .62 - .50 R 1 ~ .75 L 
TS + . 1 2 - . 25 L + • 50 - . 50 L 
IV 0 ~ .87 + 1 .37 - 1 .37 L 
s + 1.75 - .50 R + 1.12- .75 R 
GS 0 ~ .37 + . 1 .12 - 1 • 00 L 
MW + 1.12- .75 R 3 ~ .87 L 
DO + • 50 - • 75 L + 3.25-1.25 L 
CA + 3.37 - .62 L + 4.12 - • 50 L 
WY + .50 - .50 R + . 50 - • 37 R 
Table II -Anisometropic 
(cant.) 
D H 
0 ~ .5 + .82 - 1 .85 L 
0 ~ .45 + 1 .18 - • 78 L 
+ 
.3 - • 75 BL + .66 - .40 L 
+ 
.25 - .4 BL + .1 5 - . 42 L 
0 ~ .3 + • 37 - . 37 L 
0 ~ • 75 + .14 - • 27 R 
+ 
• 05 - • 2 BL + .39 - • 27 R 
+ 
.35 - .2 RED + • 55 - . 27 L 
+ 
.05- .15 BL + 2.29 - .38 L 
0 ~ .35 + 1 • 08 - .41 L 
0 ~ .3 + 1 • 97 - • 56 L 
+ 
.1 5 - • 1 5 BL + 1.01- .15 L 
OURS 
v 
+ 
• 92 - .142 L 
+ 1 • 38 - • 93 L 
+ 
.29 - .55 R 
+ 
• 52 - .45 L 
+ 
. 04 - . 34 R 
+ 
.47 - .49 L 
+ 
• 39 - . 33 R 
+ 
• 20 - .33 L 
+ 3. 01 - • 38 L 
+ 1 • 73 - .40 L 
+ 
. 29 - • 91 L 
+ 
• 01 - . 27 L 
D 
0 ~ .75 
+ 
. 51 - • 74 RED 
0 ~ • 75 
+ 
.54 - ~61 BL 
+ 
.26 - .36 BL 
0 ~ .35 
+ 
.33 - .22 RED 
+ 
,50 - .62 RED 
0 ~ .33 
0 ~ .40 
+ 
• 03 - • 27 BL 
+ 
.31 - • 25 BL 
N 
N 
23 
Table III - Statistical Analysis 
Method I : (H0) null hypothesis is that no difference exists between measurements from the two instruments 
(HA) alternative hypothesis is that a difference does 
exist between the measurements from the two instruments 
Ha= d = 0 alpha level = 0. 05, two tailed 
HA: d t- 0 critical = 2.042, -2.042 
If -2.042 2.042, accept Ho, reject HA 
If -2 . 042 2.042, accept Hp; , reject Ho 
Method II : (H0) null hypothesis is that the difference in measurements between the two instruments is equal to or greater 
than a specified percent 
Normal 
(HA) alternative hypothesis is that the difference in 
measurements between the two instruments is less than 
a specified percent 
Ha : d % alpha 1 evel 
HA: d % critical 
If 
-1 . 697' accept HA ' 
If 
-1.697' accept Ho, 
Group 
Horizontal ~1agni fication 
Method I: 
Method II : 
= -4.22 
H0 : d 
HA: d 
= 2.25 
Vertical Magnification 
Method I : = +2.77 
= 0.05, one tailed 
= -1 . 697 
reject H 0 
reject HA 
reject H0 , accept HA, there is 
a significant difference 
0.75% 
0.75% 
reject H0, accept HA, accurate 
to within 0.75% 
reject H0, accept HA, there is 
a significant difference 
24 
Method II : H0: d 
HA: d 
0.75% 
0.75% 
Dec l ination 
Method I: 
Method I I : Ho: 
HA: 
Anisometropia Group 
= -2 . 055 reject H0 , accept HA, accurate 
to within 0. 75% 
= 0.82 
d 
d 
= -3.40 
. 2 
.2 
accept H0 , reject HA, there is 
no significant difference 
reject H0, accept HA, accurate 
to within 0 . 2 error 
Horizontal Magnification 
Method I : = o. 921 accept H0, reject HA , there 
is no significant difference 
Method II : H0: d 0. 25% 
HA: d 0.25% 
= -2 . 65 reject H0 , accept HA, accurate 
to within 0. 25% 
Vertical Magnification 
Method I : = 4.62 reject H0, accept HA, there is 
a significant difference 
Method II: H0 : d 1.25% 
HA: d 1.25% 
Declination Error 
Method I: 
= -1.74 reject H0, accept HA, accurate 
to within 1 . 25% 
= 1 . 59 accept H0, reject HA, there is 
no significant difference 
25 
Method II: H0: d 0.2 
HA : d 0.2 
= -2.19 reject H0, accept HA' accurate 
to within 0.2 error 
I_ 
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